Background: The impact of reducing door-to-balloon time on hospital revenues, costs, and net income is unknown.
Background
The quality of health care by physicians and hospitals has received increasing interest due to well-documented deficiencies in the care delivered to patients [1] . Initially, this interest focused on public reporting of definitive outcomes such as mortality in patients undergoing coronary artery bypass grafting [2] . More recently, attention has shifted to markers of quality of care such as prescription rates for evidence-based drug therapies, documentation of education efforts for smoking and heart failure, and adherence to processes such as proper timing of antibiotic administration [3] . Interest in hospital quality reporting accelerated rapidly with implementation of the Hospital Quality Initiative by the Centers for Medicare and Medicaid Services (CMS). This program initially requested voluntary submission of 10 quality measures with the caveat that non-submission would result in a 0.4% decrease in Medicare payments. Participation in this program has been nearly universal with 99% of acute care hospitals submitting data to CMS, and the program has now evolved to include submission of 21 quality measures with future plans for additional measures [4] .
It is widely assumed that improving the quality of care will decrease the cost of care. For example, the Leapfrog Group has asserted that adoption of care patterns found at high quality and efficient hospitals could save the healthcare system $5.6 billion dollars on the care of patients with acute myocardial infarction [5] . Similarly at the hospital level, some have advocated that there is a "business case" for quality, presuming that improved quality is associated with decreased hospital costs and improved hospital profitability [6] [7] [8] [9] . However, these associations are not proof of a causal link between improved quality and decreased cost of care. In fact, at a broad level, there is a surprising paucity of research studying the causal relationship between improvements in the quality of care and the cost of care [10, 11] .
This increased focus on hospital quality reporting has particularly impacted cardiac care as measures involving myocardial infarction and congestive heart failure have received particular emphasis [3] . Of these specific measures, rapid door-to-balloon time in ST-elevation myocardial infarction (STEMI) is one of the most difficult to achieve, with most patients nationwide not achieving the recommended time of 90 minutes [12] . However, recent reports have highlighted specific strategies that can be implemented to reduce door-to-balloon time [13] . We recently showed that emergency department physician activation of the catheterization lab combined with a novel strategy of immediate transfer of the patient to an immediately available catheterization lab by in-house nursing staff reduces door-to-balloon time, leading to a reduction in myocardial infarct size and hospital length of stay [14] . In this report, we sought to determine whether this improvement in quality led to changes in the cost of care and whether the cost savings benefited payers or hospitals. IN) , a 591-bed tertiary care community hospital consisting of two campuses. We prospectively enrolled consecutive patients who presented to either Beech Grove or Indianapolis emergency department with STEMI who received percutaneous intervention within 24 hours of presentation [3] . On September 1, 2005 at 7:00 AM, we implemented a protocol mandating (1) emergency department physician activation of the catheterization lab and (2) immediate transfer of the patient to an immediately available catheterization lab by an in-house Emergency Heart Attack Response Team (EHART ® ), consisting of an emergency department nurse, a critical care unit nurse, and a chest pain unit nurse [14] .
Methods

Study Design
Financial Analysis
Financial data from patients treated prior to the process change (Cardiology Activation/Routine Transfer period: October 1, 2004-August 30, 2005) were compared with financial data from patients treated after the process change (ED Activation/Immediate Transfer period: September 1, 2005-June 26, 2006). Revenue and cost data for all patients (including outliers) were analyzed. Hospital revenue indicates actual payments received from payers and is current as of September 2007 for initial hospitalization data and as of January 2008 for one-year financial data. Hospital cost data reflect the actual costs involved in the delivery of care to each patient and were determined by the hospital's cost-accounting software (Alliance for Decision Support, Avega. El Segundo, California). Both direct and indirect costs were determined. Contribution margin equaled revenue minus direct costs. Net income equaled revenue minus both direct and indirect costs.
The primary analysis included all patients with private insurance, Medicare, and Medicaid to focus on the financial data at the payer-hospital interface. Self-pay patients were excluded from the primary analysis, but were included in a secondary analysis (see Additional file 1). Financial data were stratified by payer status (private and Medicare/Medicaid) and were compared between the two time periods. Medicare and Medicaid were combined into one group as the number of Medicaid patients was small. Diagnosis related groups (DRG) were determined for all patients and standardized to reflect 2006 groupings. The DRG relative weight was determined for all patients. These were analyzed in unadjusted fashion and also analyzed after standardization to reflect fiscal 2006 values. Outlier payments were defined as hospital charges >$100,000 and hospital revenue >$100,000 and were compared between the two time periods. One-year follow-up was performed by combining financial data from the initial hospitalization with data from all hospital encounters (inpatient and outpatient) in the one-year post-hospital discharge. For patients with multiple hospitalizations for STEMI, the initial hospitalization was used as the index event and the subsequent hospitalization was included in the one-year financial follow-up data.
Statistical Analysis
The statistical analysis plan was pre-specified prior to formal data analysis [14] . Time values are presented as medians with inter-quartile ranges and were analyzed using two-sample Wilcoxon rank-sum tests. Cost data are presented as mean ± standard deviation and were analyzed by two sample t-tests [15] . Categorical data are presented as proportions and were analyzed by Fisher's exact test. P < 0.05 was considered statistically significant. Stata Software was used for statistical analyses (version 8.2, College Station, Texas). Our institutional review board approved the study. The authors had full access to the data, take responsibility for its integrity, and have read and agree to the manuscript as written.
Results
The two cohorts had well-matched demographics, initial presentation characteristics, and treatments as noted in the original paper http://circ.ahajournals.org/cgi/content/ full/116/1/67 [14] .
Median door-to-balloon time decreased overall (113.5 minutes vs. 75.5 minutes, P < 0.0001), and treatment within 90 minutes increased from 28% to 71% (P < 0.0001). Mean infarct size decreased (Peak creatinine kinase: 2623 ± 3329 IU/L vs. 1517 ± 1556 IU/L, P = 0.0089), as did hospital length of stay (5 ± 7 days vs. 3 ± 2 days, P = 0.0097) [14] .
The pattern of insurance coverage was similar (Table 1 ). In the primary analysis, hospital charges and hospital revenue both decreased with ED Activation/Immediate Transfer. Total hospital costs, direct hospital costs, and indirect hospital costs all decreased. A similar pattern was seen when the data was stratified by private insurance and Medicare/Medicaid status although the results were not statistically significant in the latter group due to small sample size (Table 1 ). The decrease in hospital revenue was greater than the decrease in hospital costs leading to a decrease in net income when stratified by payer status (private insurance and Medicare/Medicaid). For every $1000 reduction in total hospital costs, insurance payments (hospital revenue) dropped $1077 for private payers and $1199 for Medicare/Medicaid. However, there was slight numerical increase in overall hospital net income per admission due to a numerical increase in the proportion of private insurance patients.
The pattern of assigned DRG's for each admission was similar (Table 2 ). However, with implementation of the ED Activation/Immediate Transfer quality improvement, the DRG relative weight (which determines formal payment from Medicare) decreased significantly. The decrease was seen even when the data were standardized to reflect fiscal 2006 DRG relative weights. Similar patterns were seen when stratified by private insurance and Medicare/Medicaid. There was a reduction in outlier payments with the proportion of patients with hospital charges >$100,000 and hospital revenue >$100,000 both decreasing ( Figure 1 ).
Patients were assigned "surgery" DRG's not only for CABG, but also for ventricular assist device placement (DRG 103), mitral valve replacement (DRG 104), and intra-aortic balloon pump placement (DRG 110) ( Figure  2 and Table 3 ). The proportion of patients undergoing CABG for complete revascularization in the absence of cardiogenic shock was similar (7.7% vs. 2.5%, P = 0.166). The exclusion of these patients undergoing CABG for complete revascularization in the absence of cardiogenic shock did not impact our conclusions as there remained significant decreases in insurance payments, total hospital costs, and diagnosis related group relative weight (Insurance payments: $34,499 ± $37,919 vs. $24,888 ± $15,265, P = 0.048; Total hospital costs: $27,060 ± $32,391 vs. $17,789 ± $8975, P = 0.018; Net Income: $7440 vs. $7099, P = 0.902; Diagnosis related group relative weight: 3.4514 ± 2.5663 vs. 2.8687 ± 0.5564, P = 0.055). These results were consistent with the primary analysis indicating that a numerical difference in patients requiring CABG for complete revascularization in the absence of cardiogenic shock could not explain our results.
The Medicare base rate to our hospital increased by 2.4% ($5171 in fiscal 2005 to $5297 in fiscal 2006) while private payer contracted payment rates increased in the range of 6-8% per year over the course of our study. Thus, our large decrease in actual hospital revenue per patient (Table 1 -a 36% decrease from Medicare/Medicaid and a 29% decrease for Private Payers) occurred even though there was a modest increase in the payment rates from government and private payers. Thus, the decreasing intensity of care associated with improved door-to-balloon time (i.e. reduced DRG Relative Weight, reduced charges, reduced outliers) was the primary determinant of reduced insurance payments. The relationship between total hospital costs and insurance payments is shown in Figure 3 . For every $1000 reduction in costs, there was a $1009 reduction in insurance payments. In the one-year follow-up, two patients (one Private, one Medicare/Medicaid) from the Cardiology Activation/Routine Transfer period and three patients (two Private, one Self-Pay) from ED Activation/Immediate Transfer period had multiple STEMI hospitalizations. Thus, a total of 50 patients were included in the one year Cardiology Activation/Routine Transfer financial analysis and 78 patients were included in the one year ED Activation/Immediate Transfer financial analysis. One-year follow-up showed continuation in the patterns seen in the initial hospitalization analysis with incremental reductions in insurance payments (hospital revenue) ultimately exceeding $14,000 per patient with a slight numerical decrease in hospital net income (Table 4 and Figure 4 ). Outlier payments defined as hospital charges>$100,000 and hospital revenue>$100,000 both decreased significantly with adoption of the ED Activation/Immediate Transfer process Figure 1 Outlier payments defined as hospital charges>$100,000 and hospital revenue>$100,000 both decreased significantly with adoption of the ED Activation/Immediate Transfer process.
Discussion
Emergency department physician activation of the catheterization lab and immediate transfer of the patient to an immediately available catheterization lab by an in-house nursing team leads to a substantial reduction in door-toballoon time and reductions in myocardial infarct size and decreased length of stay [14] . With this improvement in quality, total hospital costs decreased substantially for the initial hospitalization and subsequent care within one-year post-hospital discharge. However, payers had a nearly $10,000 reduction in average payment per admission to our hospital with the reductions in total payments increasing to more than $14,000 per patient in the oneyear follow-up. Thus, the decrease in total hospital costs (Table 1) was offset by a nearly identical reduction in insurance payments leading to no change in hospital net income. Under current reimbursement practice, improvements in quality by reducing door-to-balloon time lead to considerable financial benefits which go entirely to payers.
As our study extended over nearly two years, the impact of the introduction of the improved heart attack care model on referral patterns could be a confounder in our results. However, until June 2007, the hospital followed a strict internal and external embargo on communications and marketing related to the new heart attack program. Thus, there were no internal communications or external marketing of the heart attack program until after the publication of the original article in Circulation. The hospital did develop a marketing campaign to the community regarding the program but this was not introduced until January 2008. Thus, for the time period of the data of this study (October 2004 to June 2006), only the hospital clinical staff was aware of the existence of the program. Thus, we do not believe there is any confounding of our results from this issue, as the community remained unaware of the heart attack program's existence.
One explanation of our findings could be that more patients had "surgical" anatomy during the Cardiology Activation/Routine Transfer period leading to more patients assigned a surgery DRG, resulting in increased resource utilization. Thus, our results would simply be due from imbalances of baseline characteristics between the two time periods. However, this was not the case as the proportion of patients undergoing coronary artery bypass grafting for complete revascularization was similar between the two time periods. In addition, "surgery" DRG's include not only coronary-artery bypass grafting (DRG 106) but also ventricular assist device placement (DRG 103), valve replacement (DRG 104), and intra-aortic balloon pump placement (DRG 110) (Figure 2) . Review of the surgery DRG's and of the highest resource utilization cases reveal that surgery (including non-CABG procedures) was commonly used in response to the development of post-myocardial infarction cardiogenic shock and not simply for coronary artery bypass grafting to allow for complete revascularization (Table 3) . We have shown previously that our ED Activation/Immediate Transfer protocol leads to a substantial reduction in myoWide variation in payments from Medicare for ST-elevation myocardial infarction despite prospective payment system cardial infarct size [14] , and we believe that this may lead to a resulting reduction in the incidence and severity of cardiogenic shock.
From a hospital perspective, a "business case" for quality has been advocated with the assertion that improved quality will decrease the costs associated with delivering patient care and improve hospital profitability [6] [7] [8] [9] . However, most studies have focused primarily on the effects of quality improvement on hospital costs with the assumption that reductions in cost would lead directly to improved profitability [16] . These analyses fail to account for the impact of quality improvement on hospital revenue, which also directly influences hospital profitability. Although the quality improvement of reducing door-toballoon time did in fact lead to substantial reductions in total hospital costs per admission, our data show that it also dramatically decreased reimbursement levels completely negating what would otherwise be seen as quite large hospital cost reductions. Thus, quality improvement can have unintended consequences and paradoxically worsen hospital profitability. In fact, similar results were experienced by Intermountain Healthcare which found its profit margin on Medicare patients with pneumonia disappear with implementation of extensive quality improvement [17] . In addition, studies have focused on comparisons of profitability between patients with high quality and low quality care with the expectation that quality improvement can shift the financial performance of costly low quality care to that of high quality care [7, 8] . However, as shown in Figure 4 , reducing door-to-balloon time decreased revenue more than costs leading to a modest decrease in hospital net income. For these reasons, it is difficult to make a "business case" for quality improvement through reducing door-to-balloon time from a hospital perspective. The Institute of Medicine has recommended that payment systems financially reward the delivery of high quality care [1]. However, current hospital reimbursement practices have limited ability to reward improvements in hospital quality [1, 18] . Specifically, for reducing door-toballoon time, current reimbursement practices financially penalize hospitals for quality improvement as shown in our study. Most hospitals set their charges in a manner directly proportional to their underlying costs [19, 20] .
Thus, a quality improvement such as reducing door-toballoon time, which reduces the hospital's costs, will typically automatically reduce the hospital's charges. Although their importance in hospital payments has diminished, hospital charges remain a component of many private payer contracts and are explicitly used in formulas to calculate outlier payments for Medicare and Medicaid and certain private payers [20, 21] . Thus, the reduction in hospital charges will automatically reduce payments from many private payers contracts. Furthermore, the reduction in hospital charges will cause a reduction in outlier payments as seen in our study (Figure 1 ) [21] .
With the advent of the prospective payment system, fixed payments to hospitals were intended to encourage hospitals to improve efficiency and quality resulting in financial benefits to their bottom line [22] . However, as seen in Figure 2, a patient with STEMI can have a wide variation in assigned DRG depending on the in-hospital clinical course ultimately leading to a nearly 20-fold variation in Medicare payment. Our study reveals that an improvement in door-to-balloon time leads to a decrease in DRG relative weight. Since Medicare/Medicaid payments are directly linked to DRG relative weight, hospital payments from Medicare/Medicaid dropped by more than $7,000 per hospital admission, which was proportionally similar to the reduction seen with private payers. In addition, the prospective payment system was designed primarily to reflect the hospital's costs of taking care of patients [23] . Thus, since our costs decreased, the payment system, in accordance with its specific design, reduced our hospital's reimbursements. These findings underscore major structural limitations in the prospective payment system when it comes to rewarding quality in acute myocardial infarction care. With the advent in 2008 of Medicare Severity DRG's, Medicare's linkage between costs and payment will further increase [24] . In addition, as more private payers adopt DRG based fixed payments similar to Medicare, this structural limitation in payment for improved quality will become more pervasive [20] .
Relationship between total hospital costs and insurance payments (hospital revenue) for study cohort Figure 3 Relationship between total hospital costs and insurance payments (hospital revenue) for study cohort.
There was a linear relationship between total hospital costs and insurance payments (hospital revenue); for every $1,000 reduction in total hospital costs, there was $1,009 reduction in insurance payments (hospital revenue). Thus, even with a significant proportion of patients treated by prospective payment (Medicare/Medicaid), there remains a strong relationship between costs and revenue. Dashed lines are 95% confidence intervals.
Time course of financial outcomes from payer and hospital perspective Figure 4 Time course of financial outcomes from payer and hospital perspective. (A) After the index hospitalization, there was a more than $10,000 reduction in insurance payments (hospital revenue) per patient. (B) After one year of follow-up, the reduction in insurance payments (hospital revenue) increased to greater than $14,000 per patient. (C) Despite marked improvement in hospital cost structure (Tables 1 and 3) , hospital net income showed a slight numerical decrease as the decrease in revenue exceeded the cost reductions. Post-discharge one-year financial data include both outpatient and inpatient hospital encounters.
Purchasers and payers of healthcare have asserted that improved quality can reduce the cost of care [5] . Our study validates the relationship between reducing door to balloon time and reducing costs from a payer perspective. Yet, our study highlights a shortcoming of current reimbursement practices where the financial investments in quality programs by providers lead to large financial benefits to other parties [25] . However, given the potential large financial benefits to payers, greater emphasis on improving door-to-balloon time in pay for performance may be warranted to increase the economic rate of return of these programs. To be successful, a mechanism for shifting the benefits from payers to hospitals will be necessary [25] . Specifically, reduction in door-to-balloon time may be an appropriate target for innovative programs such as funding of startup costs by payers [26] . It also may be an appropriate area for the development of gain-sharing programs between payers, hospitals, and physicians [27] .
Limitations
Our results reflect the experience of one tertiary care community hospital and may not be applicable to other types of institutions or the healthcare system as a whole. Further studies involving other institutions and government and private payer databases will be required for confirmation of our results. Hospitals with different payer mixes and hospitals outside the United States may have different results. Although the two cohorts were similar from a demographic, presentation, and treatment standpoint, hidden baseline differences cannot be completely accounted for between the two time periods due to the non-randomized nature of our study. Our study failed to account for startup and maintenance costs. Addition of these costs would further increase the financial losses to the hospital. Our study failed to account for potential secondary financial benefits to our hospital for reducing door-to-balloon time such as enhanced reputation, improved patient throughput due to decreased length of stay, or the possibility of improved future reimbursements due to improved quality of care. Finally, our study reflects financial outcomes from reducing door-to-balloon time with emergency department physician activation of the catheterization lab and an immediate transfer process; improvements in door-to-balloon time by other methods may lead to different results.
Conclusion
Emergency department activation of the catheterization lab and immediate transfer of the patient to an immediately available catheterization lab by an in-house transfer team led to dramatic reductions in door-to-balloon time with resulting decreases in myocardial infarction size and length of stay. Irrespective of the results of this financial study, widespread adoption of this strategy by cardiologists and hospitals is warranted due to its clinical benefits to patients with STEMI. From a payer perspective, this specific improvement in quality does dramatically reduce the overall cost of care. However, from a hospital perspective, there is limited financial incentive to adopt this program.
To provide financial incentive to adopt this quality improvement, payment mechanisms designed to financially support the adoption of this program and to shift the economic benefits from payers to hospitals are needed.
An electronic copy of the order set used in the EHART ® protocol is available for download at http://www.stfran cishospitals.org/heart/.
